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ABSTRACT 
A new method o f  measur ing e l a s t i c  cons tan ts  o f  b u l k  
s o l i d  m a t e r i a l s  b y  means o f  t h e  l i ne - focus -beam 
(LFB) a c o u s t i c  microscope has been d e v e l o p e d .  An 
LFB a c o u s t i c  m i c r o s c o p e  h a s  b e e n  a p p l i e d  t o  
p r e c i s e l y  measure t h e  v e l o c i t y  o f  l e a k y  s u r f a c e  
a c o u s t i c  waves (LSAWs) propagat ing on water- loaded 
specimens. The LSAW v e l o c i t y  i s  d i r e c t l y  r e l a t e d  
t o  t h e  e l a s t i c  p r o p e r t i e s  o f  specimens, so t h a t  i t  
i s  p o s s i b l e  t o  determine t h e  e l a s t i c  c o n s t a n t s  b y  
t h e o r e t i c a l  ana lys i s .  For t h i s  study, an a l g o r i t h m  
has b e e n  d e v i s e d  t h a t  c a n  c a l c u l a t e  t h e  SAW 
v e l o c i t y  f o r  a f r e e - s u r f a c e - c o n d i t i o n e d  specimen 
u s i n g  t h e  measured LSAW v e l o c i t y .  E l a s t i c  con-  
s t a n t s  have  been determined b y  c o m p u t e r - f i t t i n g  o f  
t h e  SAW v e l o c i t y  i n  n u m e r i c a l  c a l c u l a t i o n s .  I n  
t h i s  m e t h o d ,  p r e c i s e  measurements o f  t h e  l o n -  
g i t u d i n a l  v e l o c i t y  and t h e  d e n s i t y  a r e  a l s o  c a r r i e d  
o u t  f o r  t h e  same specimen, i n  o rde r  t o  reduce t h e  
number o f  unknown p a r a m e t e r s .  E x p e r i m e n t s  a r e  
d e m o n s t r a t e d  a t  a VHF range f o r  i s o t r o p i c  samples, 
s u c h  as  f u s e d  q u a r t z  (SiO,). a n d  some k i n d s  o f  
b o r o s i l i c a t e  g l a s s e s .  Two independent components 
o f  s t i f f n e s s  c o n s t a n t s ,  C l l  and C44 .  have  b e e n  
determined w i t h  h i g h  accuracy and compared w i t h  t h e  
pub l i shed  t e c h n i c a l  data.  
1. I n t r o d u c t i o n  
I n  r e c e n t  s t u d i e s  on t h e  LFB a c o u s t i c  m i c r o s c o p e ,  
d e m o n s t r a t i o n a l  exper imen ts  have been e x t e n s i v e l y  
done t o  show i t s  p o s s i b l e  a p p l i c a t i o n s  t o  m a t e r i a l  
analyses i n  t h e  research f i e l d s  o f  m a t e r i a l  sc ience  
and n o n d e s t r u c t i v e  eva lua t i on ,  f o r  example, acous-  
t i c  a n i s o t r o p y ,  a c o u s t i c  inhomogeneity, s t r u c t u r a l  
a n a l y s i s  o f  p o l y c r y s t a l l i n e  m a t e r i a l s ,  f i l m  t h i c k -  
n e s s  measurement,  and v i s c o e l a s t i c  a n a l y s i s  o f  
d e n t a l  m a t e r i a l s  [ l - 5 1 .  A n o t h e r  e x p e c t a b l e  ap- 
p l i c a t i o n  p r e s e n t e d  h e r e  i s  f o r  d e t e r m i n i n g  
m a t e r i a l  constants .  
F o r  d e t e r m i n a t i o n  o f  e l a s t i c  c o n s t a n t s ,  i t  i s  
conven t iona l  t o  make v e l o c i t y  measurements o f  b o t h  
l o n g i t u d i n a l  and s h e a r  waves b y  va r ious  k i n d s  o f  
u l t r a s o n i c  methods i n c l u d i n g  t h e  o p t i c a l  d i f f r a c -  
t i o n  method [ 6 ] .  The u l t r a s o n i c  t ransducers,  made 
o f  p i e z o e l e c t r i c  p l a t e s  a t  lower  f requenc ies  o r  ZnO 
t h i n  f i l m s  a t  h i g h e r  f requencies,  must be u s u a l l y  
f a b r i c a t e d  on one end o f  specimens, o f  w h i c h  b o t h  
end su r faces  a r e  p o l i s h e d  w i t h  p a r a l l e l i s m .  On t h e  
o t h e r  hand, t h e  method by t h e  LFB a c o u s t i c  m i c r o -  
scope  has  t h e  g r e a t  a d v a n t a g e  t h a t  nondes ruc t i ve  
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and noncon tac t i ng  measurements can be made w i t h o u t  
f a b r i c a t i o n  o f  a n y  u l t r a s o n i c  t r a n s d u c e r s  f o r  
a n i s o t r o p i c  as w e l l  as i s o t r o p i c  m a t e r i a l s .  
I n  t h i s  paper,  a new method i s  developed t h e o r e t i -  
c a l l y  and exper imen ta l l y ,  t a k i n g  t h e  s i m p l e s t  c a s e  
o f  i s o t r o p i c  m a t e r i a l s .  
The me thod  
f o r  s i m p l i c  
2.1 .  LSAW m 
F i r s t ,  t h e  
2 .  Method 
i s  d iscussed t a k i n g  i s o t r o p i c  m a t e r i a l s  
t y  as shown i n  F ig .  1. 
de 
p r o p a g a t i o n  c h a r a c t e r i s t i c s  o f  LSAW 
mode, c o r r e s p o n d i n g  t o  t h e  sample c o n f i g u r a t i o n  
w i t h  t h e  w a t e r  l o a d i n g  on specimens,  s h o u l d  b e  
considered f o r  t h i s  study. 
U n d e r  t h e  a s s u m p t i o n  t h a t  a c o u s t i c  l o s s  i n  
spec imens  i s  n e g l i g i b l e ,  t h e  c h a r a c t e r i s t i c s  equa- 
t i o n  i s  g i v e n  by  [ 7 ]  
WATER ( or FREE SPACE ) 
- - - - - 
- PROPAGATION DIRECTION 
- ___) - - - X ?  XI - 
L I 
ISOTROPIC SOLID 
Fig.  1 .  Schematic sample c o n f i g u r a t i o n  f o r  
propagat ion o f  LSAW and SAW modes. 
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and t h e  wavenumbers a r e  d e f i n e d  as 
k t = w/Vt , kl= w/V1 , kw= w/VW . ( 3 )  
V1 and Vt  a r e  t h e  v e l o c i t i e s  o f  l o n g i t u d i n a l  and 
s h e a r  waves i n  a specimen, r e s p e c t i v e l y ,  and V i s  
t h e  l o n g i t u d i n a l  v e l o c i t y  o f  w a t e r .  w i s  W t h e  
a n g u l a r  f r e q u e n c y .  p and p, a r e  t h e  d e n s i t i e s  o f  
specimen and water, r e s p e c t i v e l y .  The v e l o c i t i e s  
a r e  r e l a t e d  t o  t h e  s t i f f n e s s  c o n s t a n t s  C . .  ( o r  
Lame's cons tan t  A )  and t h e  d e n s i t i e s  as IJ 
( 4 )  
I n  Eq.( l ) ,  t h e  complex wavenumber k t h a t  i s  t h e  
s o l u t i o n  o f  k f o r  LSAW mode i s  def i$f lwas 
w h e r e  V and a a r e  t h e  v e l o c i t y  and t h e  
norma 1 i z d a  aa? t e  n u a t  ld~? 'f ac t o  r , r e s  p e c t i v e 1 y . The 
c h a r a c t e r i s t i c  equa t ion  g i ven  i n  Eq. ( 1 )  can n o t  be 
a n a l y t i c a l l y  solved, so t h a t  t h e  s o l u t i o n  should be 
ob ta ined  by  numer ica l  c a l c u l a t i o n s .  
2.2. P r i n c i p l e  
I n  t h e  q u a n t i t a t i v e  m a t e r i a l  c h a r a c t e r i z a t i o n  
method b y  means o f  t h e  LFB a c o u s t i c  m i c r o s c o p e ,  
c o u p l i n g  w a t e r  a c t s  a s  a r e f e r e n c e  l i q u i d  i n  
measurements because  t h e  p h y s i c a l  p r o p e r t i e s  o f  
w a t e r ,  V w  and p , a r e  e x a c t l y  known. 
can  b g  measured w i t h  t h e  I-; thceouV!S% and '1saw m i c r o s c o p e ,  t h e  unknown pa ramete rs  a r e  Cl1. C4$; 
and p i n  Eq. (1 ) .  It i s  i m p o s s i b l e ,  however,  
d e t e r m i n e  a l l  t h e  t h r e e  u n k n o w n  p a r a m e t e r s  
s imul taneously .  O f  course, a l l  t h e  pa ramete rs  can 
be  d e t e r m i n e d  b y  c o m p u t e r - f i t t i n g  o f  t h e  measured 
d a t a  i n  numer ica l  c a l c u l a t i o n s  f o r  LSAW mode w i t h  
Eq. ( 1 ) .  i f  we measure e i t h e r  t h e  d e n s i t y  o r  t h e  
l o n g i t u d i n a l  v e l o c i t y .  I n  t h i s  m e t h o d ,  t h e r e  
s h o u l d  be  a s e r i o u s  p r o b l e m  on t h e  accuracy w i t h  
r e l a t i v e l y  l a r g e  e r r o r  o f  seve ra l  percent .  T h i s  i s  
m a i n l y  because i t  i s  ve ry  d i f f i c u l t  t o  measure t h e  
CI a c c u r a t e l y  i n  comparison w i t h  t h e  V 
To r a i s e  t h e  measurement accuracy, i t  i s  necessary 
t o  c u l t i v a t e  t h e  method w i t h o u t  use o f  t h e  measured 
a T h i s  s u g g e s t s  u s  t o  u s e  t h e  propagat ion 
chi!f icwt'eristics f o r  SAW mode. T h e r e f o r e ,  t h e  k e y  
p o i n t  i s  how t o  e v a l u a t e  t h e  SAW v e l o c i t y  p r o p e r l y  
f r o m  t h e  measured LSAW v e l o c i t y  w h i c h  w i l l  b e  
desc r ibed  l a t e r  i n  d e t a i l .  
The c h a r a c t e r i s t i c  equa t ion  g i v i n g  t h e  s o l u t i o n  o f  
k=k saww/Vsaw ( V S a  : t h e  SAW v e l o c i t y )  f o r  SAW mode 
i s  s imp ly  represenyed f o r  a f ree-space c o n d i t i o n  on 
t h e  s u r f a c e  o f  a specimen as f o l l o w s :  
1 saw' 1 saw 
To d e t e r m i n e  t h e  e l a s t i c  c o n s t a n t s  b y  u s i n g  t h e  
above equat ion,  t h e  number o f  unknown p a r a m e t e r s  
should be one. We can o b t a i n  t h e  d e n s i t y  p and c , 
from t h e  equa t ion  t h a t  C1,=pV1 by t h e  measurements 
o f  t h e  d e n s i t y  and l o n g i t u d i n a l  v e l o c i t y .  So, i t  
i s  p o s s i b l e  t o  determine another  s t i f f n e s s  cons tan t  
C44 f o r  t h e  i s o t r o p i c  case. 
2.3. Water l o a d i n g  e f f e c t  
U s i n g  t h e  p e r t u r b a t i o n  method, l e t  us cons ide r  t h e  
w a t e r  l o a d i n g  e f f e c t  t o  d e r i v e  t h e  a p p r o x i m a t e  
r e l a t i o n  between t h e  v e l o c i t i e s  o f  V and VSaw.  
We can d e f i n e  klsaw as f o l l o w s :  1 saw 
=k +Ak , klsaw saw ( 7 )  
where Ak i s  t h e  complex number and l A k / k  I i s  
much s m a l l e r  t han  u n i t y .  Using Eqs. (1).  m, and 
(7 ) .  we o b t a i n  t h e  Ak t o  be represented by 
where 
2 2 2 2  2 2 2  Ak=(B C/(A +B C ))kSaw+j(AB/(A +B c ) )ksaw I 
A=( 1+012)2( 2+1/P12+1 /OZ2-8/( 1+B12)) 
B=(pW/p) (02/53) (1  -0, 1 2 2  
( 9 )  
2 2  
C=1/B2 +1/B3 . 
E l i m i n a t i n g  Ak w i t h  Eqs. ( 7 )  and (8).  and us ing  Eq. 
( 5 )  and k =w/Vsaw, t h e  f o l l o w i n g  a p p r o x i m a t e  
r e l a t i o n s  f@ ob ta ined  
(10 )  / v  = ( A ~ + B ~ c ~ ) / ( A  2 +B2 2  c -B 2 c )  , "lsaw saw 
IY -AB/(A 2 +B 2 2  C -B 2 C )  . 1 saw- 
I t  can  be  seen f r o m  Eq . ( lO)  t h a t  V w / V s a w > , l .  
Th i s  means t h a t  t h e  wa te r  l o a d i n g  ef fe lcZagives r i s e  
t o  t h e  i nc rease  i n  t h e  v e l o c i t y .  
2.4. A l g o r i t h m  
As t h e  r i g h t  hand s i d e  t e r m  i n  Eq. ( 1 0 )  i n c l u d e s  
t h e  unknown p a r a m e t e r s  o f  C and V aw, t h e  va lue  
o f  V can n o t  be e i t h e r  obedrained h i r e c t l y  f rom 
t h e  F;. (10 ) .  We now c o n s i d e r  t h e  f o l l o w i n g  ap- 
p rox ima t ion  w i t h  t h e  measured v a l u e  o f  V . As 
t h e  change i n  SAW v e l o c i t y  due t o  t h e  wa tJ?yoad ing  
on a specimen i s  ve ry  smal l ,  t h e  v a l u e  o f  V S a w  i s  
n e a r l y  equa l  t o  t h a t  o f  Vl,saw. . So, we can use t h e  
m e a s u r e d  V a s  t h e  i n i t i a l  v a l u e  V I 
S u b s t i t u t i n A S e f e  V ' i n t o  t h e  V i n  E8aw(6j  
w i t h  t h e  p r e c i s e l y  ?na?asured Cll ar%b , t h e  ap- 
p r o x i m a t e  v a l u e  o f  C c a n  b e  n u m e r i c a l l y  
ca l cu la ted .  As i n  t h e  c a f c u l a t i o n  t h e  w a t e r  l o a d -  
i n g  e f f e c t  i s  n e g l e c t e d ,  t h e  a c c u r a c y  i s  s t i l l  
poor. 
To g e t  a more accurate value, l e t  us i n t r o d u c e  t h e  
f o l l o w i n g  a p p r o x i m a t i o n  t h a t  t h e  change i n  SAW 
v e l o c i t y  due  t o  t h e  wa te r  l o a d i n g  e f f e c t  w i t h  t h e  
a p p r o x i m a t e  v a l u e  C 4 4 '  c a l c u l a t e d  above i s  a p -  
p r o x i m a t e l y  e q u a l  t o  t h a t  w i t h  t h e  t r u e  v a l u e  
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C44, t h a t  i s ,  
I V  (12) I . _  Vlsaw'/Vsaw 7 ']saw saw . 
The V ' i n  E q .  (12) can be c a l c u l a t e d  u s i n g  Eq. 
( 1 )  wl?# C 4 ' ,  where  t h e  w a t e r - l o a d i n g  e f f e c t  i s  
approx imatefy  taken  i n t o  c o n s i d e r a t i o n .  From E q .  
( 1 2 ) .  a m o r e  a c c u r a t e  v e l o c i t y  V ' I  c a n  be  
ob ta ined  as saw 
S u b s t i t u t i n g  V I '  i n t o  t h e  Eq. ( 6 ) .  a more ac -  
c u r a t e  C44'1Sa?an b e  d e t e r m i n e d .  T h e  above-  
m e n t i o n e d  p r o c e d u r e  a r e  r e p e a t e d l y  c a r r i e d  o u t  
u n t i l  an  u l t i m a t e  va lue o f  C can be obtained. A 
f l o w  c h a r t  o f  t h e  numer ica l  c i f c u l a t i o n s  t o  d e t e r -  
mine t h e  e l a s t i c  cons tan ts  i s  summarized i n  Fig.  2. 
3. Exper iments 
I n  t h i s  e l a s t i c - c o n s t a n t  d e t e r m i n a t i o n  method, 
t h r e e  q u a n t i t i e s ,  such  as  t h e  LSAW v e l o c i t y ,  t h e  
l o n g i t u d i n a l  v e l o c i t y ,  and t h e  dens i t y ,  should be 
measured. 
The LSAW v e l o c i t y  can  be measured by  means o f  t h e  
LFB a c o u s t i c  microscope.  A b l o c k  d i a g r a m  o f  t h e  
r e c e n t  s y s t e m  [ 3 ]  i s  shown i n  Fig.  3. Fig.  4 i s  
t h e  c ross -sec t i ona l  g e o m e t r y  o f  t h e  LFB a c o u s t i c  
l e n s  t o  s h o w  b a s i c  c o n c e p t  o f  V ( z )  c u r v e  
measurements. LSAWs a r e  e x c i t e d  on t h e  b o u n d a r y  
between a specjmen and water  a t  t h e  c r i t i c a l  angle 
o f  0 = s i n  ( V  / V  ). Through t h e  V(z) cu rve  
a n a ? ? ? y s ,  t h e  L Y A d S % l o c i t y  can  be  p r e c i s e l y  
determined. A d e t a i l e d  d e s c r i p t i o n  o f  t h e  sys tem 
a n d  measurement  p r i n c i p l e  has been  made i n  t h e  
l i t e r a t u r e  [l]. Experiments a r e  c a r r i e d  o u t  u s i n g  
an a c o u s t i c  LFB sapph i re  l e n s  o f  l.Omm i n  r a d i u s  a t  
a f requency o f  225 MHz. 
L o n g i t u d i n a l  v e l o c i t y  measurements can be made by 
t h e  p u l s e  i n t e r f e r e n c e  method, The p r i n c i p l e  i s  
shown i n  F i g .  5 .  A p lane-beam a c o u s t i c  d e v i c e  
c o n s i s t i n g  o f  ZnO-f i  l m  t r a n s d u c e r  on S i 0 2  b u f f e r  
r o d  i s  i n c o r p o r a t e d  i n  t h e  LFB a c o u s t i c  system by  
r e p l a c i n g  t h e  LFB a c o u s t i c  dev ice.  C a r e f u l  a l i g n -  
m e n t  i s  made t o  g e t  p a r a l l e l i s m  b e t w e e n  t w o  
su r faces  o f  S i 0 2 , b u f f e r  r o d  and specimen.  An R F  
p u l s e  i s  t r a n s m i t t e d  th rough  a S i02  b u f f e r  r o d  and 
wa te r  on a specimen w i t h  a t h i c k n e s s  h. P a r t i a l  
r e f l e c t i o n s  and t r a n s m i s s i o n s  a t  each  i n t e r f a c e  
o c c u r .  Among p u l s e  e c h o e s  r e c e i v e d  b y  t h e  
t ransducer ,  we take  no te  o f  t h e  two echoes, namely, 
P1 and P2, i n  F i g .  5. P1 i s  d i r e c t l y  r e f l e c t e d  
from t h e  t o p  su r face  o f  t h e  specimen, w h i l e  P2 from 
t h e  b o t t o m  s u r f a c e .  We a d j u s t  t h e  l e n g t h  o f  RF 
p u l s e  l o n g  enough t h a t  t h e  two echoes may o v e r l a p  
and i n t e r f e r e .  The i n t e r f e r e d  s i g n a l  i s  g a t e d  o u t  
and measured b y  sweeping t h e  frequency. A s e r i e s  
o f  i n t e r f e r e n c e  maxima and minima can be obse rved .  
T h e  f r e q u e n c y  p e r i o d i c i t y  A f  i s  r e l a t e d  t o  t h e  
l o n g i t u d i n a l  v e l o c i t y  V 1  and t h e  th i ckness  h as 
A f  = V1/2h . (14) 
Characteristic Eq. for SAW 
Characteristic Eq. for LSAW U 
"lsaw LF-I 
Fig. 2. A f l o w  c h a r t  o f  e l a s t i c - c o n s t a n t  
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Fig. 3. B lock diagram o f  t h e  LFB acous t i c  
microscope system. 
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Fig.  4. Cross-sect ional  geometry o f  LFB a c o u s t i c  
l e n s  t o  show V ( z )  cu rve  measurements. 
DISTANCE z ( p m )  
F ig .  6. V ( z )  curve measured f o r  fused quar t z  
a t  225 MHz. 
Therefore,  we can d e t e r m i n e  V u s i n g  measured A f  
and h. Measurements o f  t h e  th i ckness  a re  made by 
t h e  d i g i t a l  m ic romete r ,  o f  w h i c h  t h e  a c c u r a c y  i s  
b e t t e r  t h a n  _+lpm. The d e n s i t y  i s  measured b y  t h e  
Archimedes' method. 
Exper iments a r e  demonstrated f o r  i s o t r o p i c  samples: 
t w o  f u s e d  q u a r t z  and t w o  k i n d s  o f  b o r o s i l i c a t e  
g l a s s e s  w i t h  b o t h  s u r f a c e s  o p t i c a l l y  p o l i s h e d  and 
s u f f i c i e n t  p a r a l l e l i s m .  Fig.  6 shows t h e  t y p i c a l  
V(z) cu rve  measured f o r  a fused q u a r t z  sample named 
as FQI .  From t h i s  V(z) curve,  t h e  v e l o c i t y  V 
was d e t e r m i n e d  t o  be  3437 m/s. Fig.  7 shows l f f i i  
t y p i c a l  f r e q u e n c y  r e s p o n s e  o f  t h e  i n t e r f e r e n c e  
o u t p u t  measured f o r  t h e  same sample.  From t h i s  
waveform, we can measure Af=1.7339 MHz. U s i n g  Eq. 
( 1 4 )  w i t h  t h e  measured th i ckness  o f  1.716 mm, t h e  
l o n g i t u d i n a l  v e l o c i t y  was d e t e r m i n e d  t o  b e  5951 
m/s. U s i n g  a s e t  o f  data,  t h a t  i s ,  V1, .VJBaw.d and 
p , f i n a l  d e t e r m i n a t i o n  i s  made f o r  two i n  pen en 
s t i f f n e s s  c o n s t a n t s ,  Cl1 and C 4, f o r  i s y b r o p i 5  
m a t e r i a l s .  CI1 i s  determined t o  %e 7 .800~10  N/m 
1 .  
F ig .  5. Exper imental  arrangement o f  l o n g i t u d i n a l  
v e l o c i t y  measurements by  t h e  p u l s e  
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Fig.  7. Frequency response o f  i n t e r f e r e n c e  o u t p u t  
f o r  fused q u a r t z  i n  l o n g i t u d i n a l  v e l o c i t y  
measurements b y  t h e  p u l s e  i n t e r f e r e n c e  
method. 
2 
d i r e c t l y  f r o m  t h e  e q u a t i o n  t h a t  C -pV1 . On tpa 
o t h f r  hand, C 4 4  i s  d e t e r m i n e d  to1&; 3 . 1 4 7 ~ 1 0  
N/m , accord ing t o  t h e  a n a l y s i s  procedure.  
Exper imenta l  d a t a  ob ta ined  f o r  o t h e r  specimens a r e  
summar ized i n  T a b l e  1 .  The d e t e r m i n e d  m a t e r i a l  
cons tan ts  a r e  presented toge the r  w i t h  t h e  pub l i shed  
d a t a  i n  T a b l e  2. I n  t h e  p resen t  measuremfnts,, t h e  
a c c u r a c y  o f  C i s  s e v e r a l  p a r t s  i n  1 0  m a i n l y  
d o m i n a t e d  b y  l a a t  o f  t h e  t h i c k n e s s  measurements, 
w h i l e  t h e  accuracy 05 C44, i s  est imated t o  be b e t t e r  
t h a n  one p a r t  i n  10 dominated by t h a t  o f  t h e  LSAW 
v e l o c i t y  measurements. F o r  t h e  d e n s i t y  m4asure-  
ments,  t h e  a c c u r a c y  was a few p a r t s  i n  10 . From 
t h e  r e s u l t s ,  i t  c a n  b e  s a i d  t h a t  t h e  v a l u e s  
measured h e r e  a r e  i n  good agreement w i t h  t h e  pub- 
l i s h e d  va lues w i t h i n  a maximum d i f f e r e n c e  o f  one o r  
two percent .  It i s  v e r y  e x c i t i n g  t h a t ,  between two 
Si02 specimens supp l i ed  f rom d i f f e r e n t  companies,  
s l i g h t  d i f f e r e n c e s  i n  t h e  v a l u e s  were  de tec ted ,  
which m igh t  be due t o  some changes o f  m e c h a n i c a l  
p r o p e r t i e s  i n  them. 
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T a b l e  1 .  M e a s u r e d  v a l u e s .  
Sample  p ( l o 3  kg/rn3) Vlsaw ( m / s )  V1 (rn/s) h (mm) A f  (MHz) 
FQ1 2 . 2 0 3  3 4 3 7  5951 1 . 7 1 6  1 . 7 3 3 9  
FQ2 2.201 3 4 3 7  5 9 3 2  1 . 9 2 2  1 . 4 8 8 9  
7 7 4 0  2 . 2 2 6  31 4 5  5 5 6 0  2 . 0 0 3  1 . 3 8 7 9  
E6 2 . 1 8 5  3061 5 4 0 5  2.571 1 .051  1 
FQl : Fused quartz (No.T4040) produced by Toshiba Ceramics Co.,Ltd. 
FQ2 : Fused quartz (No.ES1 produced by Japan Quartz Glass Co.,Ltd. 
7740 : Pyrex glass produced by Corning Co.,Ltd. 
E6 : Borosilicate glass produced by Ohara Optical Mfg.Co.,Ltd. 
T a b l e  2 .  D e t e r m i n e d  v a l u e s  compared  with p u b l i s h e d  d a t a .  
Sample  C1,  ( l o l o  N / m 2 )  C 4 4  ( l o l o  N / m 2 )  p ( l o 3  kg/rn3) R e f .  
FQ 1 7 . 8 0 0  ( 7 . 8 5 )  3 . 1 4 7  ( 3 . 1 2 )  2 . 2 0 3  ( 2 . 2 )  a 
FQ2 7 . 7 4 6  ( 7 . 8 5 )  3 . 1 4 9  ( 3 . 1 2 )  2 .201 ( 2 . 2 )  a 
7 7 4 0  6 .881  ( 6 . 9 7 )  2 .626 ( 2 . 6 2 )  2 .226  ( 2 . 2 3 )  b 
E6 6 . 3 8 2  ( 6 . 3 3 )  2 .440  ( 2 . 4 0 )  2 . 1 8 5  ( 2 . 1 8 )  C 
Published data in parentheses. 
a) W.P.Mason, Physical Acousitcs and the Properties of Solids 
(McGraw-Hill, New York, 1 9 5 8 ) ,  p.17. 
b) Technical data from Corning Co.,Ltd. 
c) Technical data from Ohara Optical Mfg.Co.,Ltd. 
4. Conclus ion 
A new method o f  d e t e r m i n i n g  e l a s t i c  cons tan ts  o f  
s o l i d  m a t e r i a l s  us ing  t h e  LFB a c o u s t i c  m i c r o s c o p e  
has been d e v e l o p e d .  The d e m o n s t r a t i o n  has been 
s u c c e s s f u l l y  made f o r  i s o t r o p i c  m a t e r i a l s .  The 
m e t h o d  c a n  b e  e a s i l y  expanded f o r  t h e  c a s e  o f  
a n i s o t r o p i c  m a t e r i a l s  because t h e  p rocedure  i s  t h e  
q u i t e  same as descr ibed he re  f o r  an i s o t r o p i c  case. 
I n  a n i s o t r o p i c  m a t e r i a l s ,  t h e r e  a r e  a number o f  
unknown parameters depending on c r y s t a l  systems, so 
t h a t  t h e  more compl icated c h a r a c t e r i s t i c  e q u a t i o n s  
t o  s o l v e  SAW and LSAW modes should be employed i n  
numer ica l  c a l c u l a t i o n s .  T h i s  w i l l  be  one  o f  t h e  
mos t  p r o m i s i n g  a p p l i c a t i o n s  because measurements 
can be s imp ly  and a c c u r a t e l y  made f o r  a n i s o t r o p i c  
m a t e r i a l s  w i t h o u t  f a b r i c a t i o n  o f  any  u l t r a s o n i c  
t ransducers  on specimens. It can be a l s o  expected, 
i n  t h e  n e a r  f u t u r e ,  t h a t  t h e  development i n  t h i s  
a p p l i c a t i o n  w i l l  l ead  t o  d e t e r m i n a t i o n  o f  e l a s t i c  
c o n s t a n t s  f o r  as-grown t h i n  f i l m s  as w e l l  as i m -  
p l a n t e d  and d i f f u s e d  l a y e r s  used  i n  e l e c t r o n i c  
devices,  as suggested i n  t h e  l i t e r a t u r e s  [1,8]. 
Acknowledgments 
The a u t h o r s  a r e  v e r y  g r a t e f u l  t o  H. Takahashi f o r  
h i s  h e l p f u l  a s s i s t a n c e  i n  d e n s i t y  measurements.  
T h i s  w o r k  was s u p p o r t e d  i n  p a r t  b y  t h e  Research 
Grant- in-Aids f o r  t h e  Japan M i n i s t r y  o f  E d u c a t i o n ,  
Science e! Cu l tu re .  
References 
[l] J.  K u s h i b i k i  and N. Chubachi, "Ma te r ia l  Charac- 
t e r i z a t i o n  by  Line-Focus-Beam A c o u s t i c  M i c r o -  
scope",  I E E E  Trans. Sonics & Ul t rason. ,  SU-32, 
[ Z ]  J .  K u s h i b i k i .  Y .  Matsumoto,  and N. Chubachi, 
"Eva lua t i on  o f  S c a t t e r i n g  Loss i n  P o l y c r y s t a l -  
l i n e  M a t e r i a l s  b y  Line-Focus-Beam A c o u s t i c  
M ic roscope" ,  P r o c .  I E E E  U l t r a s o n i c s  Symp., 
[ 3 ]  J .  K u s h i b i k i .  H .  Asano ,  T .  Ueda,  a n d  N .  
Chu b a c  h i , " App 1 i c a t  i on o f  L i  ne-Focus-Beam 
Acous t i c  Microscope t o  Inhomogeneity D e t e c t i o n  
on Saw D e v i c e  M a t e r i a l s " ,  P roc .  I E E E  U l t r a -  
son ics  Symp., pp.749-753(1986). 
[ 4 ]  J. K u s h i b i k i  and N. Chubachi, " A p p l i c a t i o n  o f  
LFB A c o u s t i c  M i c r o s c o p e  t o  F i l m  T h i c k n e s s  
Measurements" ,  E l e c t r o n .  L e t t . ,  22, pp.652- 
654( 1987). 
[ 5 ]  J .  K u s h i b i k i ,  K .  L .  Ha, H .  K a t o .  a n d  N .  
C hu bac h i , Appl i c a t  i on o f  Acou s t i c M i c r o  s c opy 
t o  D e n t a l  M a t e r i a l  C h a r a c t e r i z a t i o n " ,  Proc.  
I E E E  U l t r a s o n i c s  Symp., t o  be pub l i shed  (1987). 
[ 6 ]  F o r  example,  M. A. Breazeale e t  a l . ,  Method o f  
E x p e r i m e n t a l  P h y s i c s  Vo1 .19  U l t r a s o n i c s  
(Academic Press, 1981) Chap.2, pp.67-135. 
[ 7 ]  I. A. V i k to rov ,  " P r o p a g a t i o n  a t  an i n t e r f a c e  
w i t h  a l i q u i d " .  Rayle igh and Lamb Waves (Plenum 
Press, New York, 1967) Chap.1. pp.46-57. 
[ 8 ]  J .  K u s h i b i k i ,  H. Maehara, and N. Chubach i ,  
"Measurements o f  acous t i c  p r o p e r t i e s  f o r  t h i n  
f i l m s " ,  J .  Appl. Phys., 53, pp.5509-5513(1982). 
pp. 189-21 2( 1985). 
pp. 71 1-714( 1985). 
1987 ULTRASONICS SYMPOSIUM - 821 
Authorized licensed use limited to: TOHOKU UNIVERSITY. Downloaded on February 5, 2010 at 00:36 from IEEE Xplore.  Restrictions apply. 
